The propagation of Rayleigh and Stoneley waves in a thermoelastic orthotropic granular half-space supporting a different layer under the influence of initial stress and gravity field is studied. The frequency equation of Rayleigh waves in the form of twelfth-order determinantal expression and the frequency equation of Stoneley waves in the form of eighth-order determinantal expression are obtained. The standard equation of dispersion is discussed to obtain Rayleigh and Stoneley waves that have complex roots; the real part gives the velocity of Rayleigh or Stoneley waves but the imaginary part gives the attenuation coefficient. Finally, the numerical results have been given and illustrated graphically, and their physical meaning has been explained.
Introduction
The propagation of thermoelastic waves in a granular medium under initial stress and gravity field has applications in soil mechanics, earthquake science, geophysics, mining engineering, and so forth. The theoretical outline of the development of the subject from the mid-thirties was given by Paria 1 . The present paper, however, is based on the dynamics of granular media as propounded by Oshima 2, 3 . The medium under consideration is discontinuous such as one composed numerous large or small grains. Unlike a continuous body, each element or grain cannot only translate but also rotate about its centre of gravity. This motion is the characteristics of the medium and has an important effect upon the equation of motion to produce internal friction. It is assumed that the medium contains so many grains that they will never be separated from each other during the deformation, and that the grain has perfect elasticity. The propagation of Rayleigh waves in granular medium was given by many authors such as Bhattacharyya 4 , El-Naggar 5 , Ahmed 6, 7 , and others. Ahmed 8 discussed Stoneley waves in a nonhomogeneous granular medium under the influence of gravity.
The problem of Stoneley waves plays an important role in the earthquake science, optics, geophysics, and plasma physics. Many authors such as Abd-Alla and Ahmed 9, 10 , El-Naggar et al. 11 , Das et al. 12 , and others investigated the effect of gravity of the propagation of surface waves Stoneley waves and Rayleigh waves in an elastic solid medium. Goda 
Formulation of the Problem
Let us consider an initially stressed orthotropic granular layer of finite thickness H overlaying a semi-infinite orthotropic granular medium. The upper surface of the upper layer is assumed to be free and horizontal. We take a set of orthogonal Cartesian axes Ox 1 x 2 x 3 such that the interface and the free surface of the granular layer resting on the granular half-space of different material are the planes x 3 H and x 3 0, respectively, with the origin O being any point on the interface surface; x 3 -axis is positive in the direction towards the exterior of the half-space, and x 1 -axis is positive along the direction of Rayleigh waves and Stoneley waves propagation. Let the both media be under initial compression stress P along x 1 -axis, with the influence of gravity and at initial temperature T 0 . It is assumed that both media exchange heat freely with their surroundings; an initial stress is produced by a slow process of creep, where the shear stresses tend to become small or vanish after a long interval of time.
In view of the two-dimensional nature of the problem, we assume that the state of initial stress is
the equilibrium conditions of the initial stress field are given by 12
The state of deformation in the granular medium is described by the displacement vector U u 1 , 0, u 3 of the centre of gravity of a grain and the rotation vector ξ ξ, η, ζ of the grain about its centre of gravity. There exist a stress tensor and a couple stress which are nonsymmetric, that is,
The stress tensor τ ij can be expressed as the sum of symmetric and antisymmetric tensors
where
The symmetric tensor σ ij σ ji is related to the symmetric strain tensor 
2.9
The components of stress for orthotropic body, under the effect of an initial compression stress P , are given by 11 
The heat conduction equation is given by 11
Solution of the Problem
By Helmholtz's theorem 27 , the displacement vector u can be written in the form of the potentials φ x 1 , x 3 , t and ψ x 1 , x 3 , t which are related to the displacement components u 1 and u 3 by the relations 
Eliminating η from 3.4 and 3.6 , we get
3.10
Also, T can be eliminated by using 3.8 and 3.9 as follows: Equating the coefficients of e ihx 3 and e −ihx 3 to zero in 3.18 , we get
Substituting 3.12 and 3.13 into 3.10 and 3.11 , we get where
We use the symbols with a bar for the quantities in the lower medium except x 3 , L, b, P, g , and by assuming that the solution of 3.20 and 3.21 satisfies the condition that the corresponding stresses vanish as x 3 → −∞, we obtain
3.32
Boundary Conditions and Frequency Equation
The boundary conditions on the interface x 3 0 are
Mathematical Problems in Engineering 11
The boundary conditions on the free surface 
The other significant boundary conditions are responsible for the following relations: When the gravity field is neglected, there is no coupling between the constants A j , B j , and E j , F j j 3, 4, 5, 6 , the equations 3.10 , 3.11 become, respectively,
6.1
Equation 6.1 are in agreement with the corresponding equations obtained by Ahmed 7 . In the absence of initial stress and when there is no coupling between the temperature and strain fields, 4.7 takes the form as obtained by Oshima 2 . Finally, it appears that the magnitude of Δ increases with the increased values of the parameter b.
Numerical Results and Discussions

Conclusion
From the results obtained, we concluded the following.
1 The determinant of frequency of Rayleigh and Stoneley waves is affected by the influences of initial stress, density, gravity, and orthotropic of material and very pronounced on the waves propagation phenomena that indicates their utilitarian aspects in diverse fields as Geophysics, Geology, Acoustics, Plasma, and so forth.
